In recent years, viruses resembling herpes simplex in morphology have been isolated from normal and tumor-bearing frogs.' Two frog virus isolates designated FV1 and FV3 have been reported to multiply in cells derived from both poikilothermic and homeothermic animals. Moreover, unlike herpes viruses, they multiply entirely in the cytoplasm of the infected cell." 2 Autoradiography with H3-thymidine and acridine orange staining suggest that these viruses contain DNA." 3 However, definitive studies of the properties of the virus are lacking. The objective of this communication is to report on some physical properties of the frog viruses and their nucleic acid.
Materials and Methods.-Solutions and media: The composition of PBS-A, phosphate-buffered saline containing bovine albumin, and MM-S, a maintenance medium for labeling nucleic acids of infected cells in suspension, has been described elsewhere.4 5 The methyl-cellulose overlay consists of mixture 199 containing 1% fetal calf serum, 4.5 gm of methyl-cellulose (4000 cps), and 0.9 gm of bicarbonate per liter of media.
Virus: Strains FV1 and FV3, isolated from apparently normal and tumor-bearing kidneys of Wisconsin frogs (Rana pipiens), respectively,6 were obtained from Dr. Rafferty of the Department of Anatomy, the Johns Hopkins University School of Medicine, Baltimore, Maryland. The viruses were prepared in chick embryo monolayer cultures. The cell cultures were grown at 370C in medium consisting of mixture 199 and 5% fetal calf serum. Infected cell cultures were maintained for 48 hr at room temperature (approximately 260C) in a media consisting of mixture 199 and 1% fetal calf serum. Labeled virus was prepared in infected cells maintained in MM-S supplemented with 10 pc of thymidine-methyl HI (sp. activity 12.3 c/mM, Nuclear-Chicago Corporation, Chicago, Illinois) per ml of medium. To decrease incorporation of thymidine into cellular DNA, the cultures were placed at room temperature prior to inoculation for 24 hr.
Plaque assays: Plaque assays of frog viruses were done in chick embryo monolayer cultures prepared in disposable 30-ml Falcon flasks. Each flask was inoculated with 1 ml of virus diluted in PBS-A, then placed on rotary shaker at room temperature for 1 hr. At that time each culture flask received 5 ml of methyl-cellulose overlay and was placed on a shelf at room temperature. After 7-8 days the methyl-cellulose overlay was removed by suction, the cells were washed with PBS-A, fixed with methanol, stained with Giemsa, and air-dried.
Equilibrium sedimentation: Infected and uninfected chick embryo cells maintained at room temperature in MM-S containing thymidine-H3 were frozen-thawed 4X, and disrupted further by sonication. The supernatant fluid obtained after centrifugation at 1,000 rpm for 4 min was ultracentrifuged in CsCl solution for 40 hr at 100C and 35,000 rpm in a Spinco SW39 rotor. At the end of the equilibrium centrifugation 15 five-drop and 5 two-drop fractions were collected from the bottom of each tube. The density of the CsCl was determined by reading the refractive index of the 2-drop fraction in a Zeiss refractometer. From each 5-drop fraction 25X were removed for assays of infectivity. Another 5OX were removed for assay of radioactivity. This was done by expelling the 50X sample into trichloroacetic acid (TCA) solution and collecting the precipitate on an HA Millipore filter. The precipitate on the filter was washed with 5% TCA, 70% alcohol containing 2% potassium acetate, and finally 70% alcohol. The filter was then oven-dried, immersed in toluene base scintillation fluid, and H3 disintegrations counted in a scintillation spectrometer.
Extraction and equilibrium sedimentation of DNA: Fractions containing DNA were mixed with equal volumes of 0.5% solution of sodium lauryl sulfate, placed in a 370C water bath for 30 min, then centrifuged in a CsCl solution in a Spinco SW39 rotor for 40 hr at 35,000 rpm. At the end of equilibrium centrifugation 5-drop fractions were collected for assay of radioactivity and 2-drop fractions for determination of the refractive index.
Results.-On equilibrium sedimentation of extracts of uiinfected cell cultures inl a CsCl gradient 1.2-1.4 gm/cm3, the thymidine-H3 label incorporated into cellular DNA sedimented to the bottom of the tube (Fig. 1A) . The thymidine-labeled material in the extract of cells infected with FV1 (Fig. 1B) formed a major band at a density of 1.305 gm/cm3, and a minor band in the density range of 1.22 to 1.24 gm/cm3. In addition, labeled DNA sedimented to the bottom of the tube. Plaque assays of fractions obtained after equilibrium sedimentation revealed that infectious virus banded at a density of 1.287 gm/cm3, i.e., on the "light" side of the radioactive band. Identical results were obtained with FV3 viruses.
DNA extracted from uninfected cells banded on equilibrium sedimentation in CsCl at a density of 1.710 gm/cm3. As shown in Figure 2 , the DNA extracted from both the major and the minor radioactive bands of FV1 virus banded at a density of 1.720 gm/cm3. Similar results were obtained with DNA extracted from banded FV3 virus.
Discussion.-The results described in this paper present four main features. The buoyant density of herpes simplex virus prepared in chick embryo cells 8 ap- proximates that of FV1 and FV3, and, moreover, frog viruses and herpes simplex produced in chick embryo cells exhibit very similar heterogeneity with respect to buoyant density in CsCl. However, it has also been reported that FV1 and FV3 replicate exclusively in the cytoplasm,' 2 whereas herpes viruses replicate at least in part in the cell nucleus.12
Summary.-The progeny of two viruses, FV1 and FV3 isolated from normal and tumor-bearing frogs, respectively, and grown in chick embryo cells at room temperature were found to be heterogeneous with respect to buoyant density in CsCl solution. The bulk of virions characterized by an average buoyant density of 1.305 gm/cm3 in CsCl is noninfectious. A small fraction with a buoyant density of 1.287 gni/cm3 is infectious. FV1 and FV3 contain DNA with a buoyant density of 1.720 gm/cm,3 i.e., higher than that of chick embryo DANA. The relationship between the viruses isolated from frogs and herpes viruses is discussed.
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